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PROBLEM TO BE SOLVED: To produce a hydrogen gas 
of high purity without necessitating a complicated 
process and to recover by-produced liquefied carbon 
dioxide of high purity. 

SOLUTION: Carbon resources are reacted with a 
subcritical or supercritical water at 300-650° C and 7- 
35 MPa in the region 1 1 of a reactor 10 to effect 
thermolysis and hydrolysis of the carbon resources to 
give lightened gases, oils and residue. The 
abovementioned gases, oils and residue are reacted with 
a subcritical or supercritical water at 650-1,200° C and 
7-35 MPa in the region 12 to form a gas composed 
mainly of hydrogen, carbon dioxide, carbon monoxide and 
methane. The gas is converted into a gas composed 
mainly of hydrogen and carbon dioxide at 450-1,000° C 
and 7-35 MPa in the region 13. The combustion of a part \»| 77 
of the gases, the oil components and the residue by 
adding an oxidizing agent in the region 12 supplies 
necessary heat for the regions 1 1 and 12 and cools the 
region 13 by heat exchange with the region 1 1 and endothermic reactions. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the 1st reaction field (11) of a reactor (10) The temperature of 300-650 degrees C, 
The gas ******(ed) by making the carbon resource which is a raw material in pressure 7-35MPa 
react with subcritical or supercritical water, and performing either or the both sides of the 
pyrolysis of said carbon resource, or hydrolysis, Oil and residue are generated and it sets to the 
2nd reaction field (12) of said reactor (10). The temperature of 650-1200 degrees C, By making 
said ******(ed) gas, oil, and residue react with subcritical or supercritical water, and ******(ing) 
and gasifying them further by pressure 7-35MPa The gas which uses hydrogen, a carbon dioxide, 
a carbon monoxide, and methane as a principal component is generated. In the 3rd reaction field 
(13) of said reactor (10) The temperature of 450-1000 degrees C f They are the manufacture 
approaches, such as hydrogen gas which converts said gas into the gas which uses hydrogen and 
a carbon dioxide as a principal component by pressure 7-35MPa. An oxidizer is added to said 
2nd reaction field (12). Gas, oil, The manufacture approaches, such as hydrogen gas 
characterized by said 3rd reaction field (13) being cooled by the heat exchange and endothermic 
reaction to said 1st reaction field (1 1) while filling up heat required for said 1st and 2nd reaction 
field (11 12) by burning a part of residue. 

[Claim 2] The manufacture approaches, such as hydrogen gas according to claim 1 which adds 
an additive in at least one field among the 1st reaction field (1 1) of a reactor (10), the 2nd 
reaction field (12), or the 3rd reaction field (13). 

[Claim 3] The manufacture approaches, such as hydrogen gas according to claim 1 which 
collects carbon dioxides in the state of the liquid of a high grade by setting to the temperature 
of -20-31 degrees C, and pressure 2-35MPa the gas which uses as a principal component the 
hydrogen and the carbon dioxide which were converted in the 3rd reaction field (13). 
[Claim 4] The 1st reaction field where both ends were established in the inner circumference 
section of the reactor (10) of the shape of tubing by which the closure was carried out (1 1), The 
2nd reaction field established in the core of said reactor (10) (12), The 3rd reaction field 
established in the core of said reactor (10) following said 2nd reaction field (12) (13), Each 
pressure of said 1st, 2nd, and 3rd reaction field is maintained to 7-35MPa. The temperature of 
said 1st, 2nd, and 3rd reaction field, respectively 300-650 degrees C, It has a means (22, 27, 32, 
25, 28, 33, 16) to maintain at 650-1200 degrees C and 450-1000 degrees C. The feed hopper 
(14a, 14b, 14c) of the carbon resource which leads to said 1st reaction field (1 1), and water is 
prepared for either or the both sides of the end of said reactor (10), or the other end. It is 
divided with the heat-resistant dashboard (16) with which said 1st reaction field (11) and said 
2nd reaction field (12) consist of a tubed thermal conductor. It has the free passage section (17) 
which opens said 1st reaction field (1 1) and said 2nd reaction field (12) for free passage to the 
other end side of the reactor of said dashboard (16). Manufacturing installations, such as 
hydrogen gas characterized by having prepared the delivery pipe (18) which supplies an oxidizer 
in said 2nd reaction field (12) at the other end of said reactor (10), and preparing the exhaust 
port (19) of the gas which uses hydrogen and a carbon dioxide as a principal component at the 
end of said reactor (10). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing pure hydrogen 
gas, from heavy resources, such as heavy oil and coal, or the carbon resource which pyrolyzed 
this heavy resource. 
[0002] 

[Description of the Prior Art] The reaction is shown by following reaction-formula (1) - (3), when 
making the carbon of a carbon resource react with a steam and gasifying it generally. 
C +C02 = 2CO .... (1) 
C +H20 = CO+H2 .... (2) 
CO+H20 = C02+H2 .... (3) 

In the above-mentioned formula (1) and (2), since a reaction is endothermic reaction, 
carbonaceous is completely gasified by promoting a reaction and using a catalyst if needed by 
heating at the elevated temperature which is 800-1800 degrees C. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the water gas shift reaction based on 
a formula (3) does not fully advance when manufacturing hydrogen gas by the reaction of above- 
mentioned formula (1) - (3) by the gasifier, unreacted carbon monoxide gas remains in a product. 
Therefore, the shift converter which used the expensive catalyst needs to advance the reaction 
of through and a formula (3). Moreover, since several % - about ten% of ash content, a metal 
impurity, sulfur, nitrogen, etc. are contained in the carbon resource of a raw material, in order to 
remove these, it is necessary to refine a product. Moreover, in pyrogenetic reaction, it is 
blockaded by the corks which the caulking phenomenon produced and some reactors produced 
at the reaction, and there is un-arranging — an expensive heat-resisting material is needed for a 
reactor. Furthermore, since the choke damp which is a by-product is difficult to collect, it is 
emitted into atmospheric air and has an environment top problem. 

[0004] The purpose of this invention is to offer the approach and equipment which manufacture 
the hydrogen gas of a high grade, without requiring a complicated process. Another purpose of 
this invention is to offer the approach and equipment which collect the liquefaction carbon 
dioxides of a high grade as a by-product. 
[0005] 

[Means for Solving the Problem] Invention concerning claim 1 is set to the 1st reaction field 1 1 
of a reactor 10, as shown in drawin g 1 . The temperature of 300-650 degrees C, The gas ****** 
(ed) by making a carbon resource react with subcritical or supercritical water by pressure 7- 
35MPa, and performing either or the both sides of the pyrolysis of this carbon resource, or 
hydrolysis. Oil and residue are generated and it sets to the 2nd reaction field 12 of a reactor 10. 
The temperature of 650-1200 degrees C, By making the gas, oil, and residue by which ****** 
was carried out [ above-mentioned ] react with subcritical or supercritical water, and ****** 
(ing) and gasifying them further by pressure 7-35MPa The gas which uses hydrogen, a carbon 
dioxide, a carbon monoxide, and methane as a principal component is generated. They are the 
manufacture approaches, such as hydrogen gas which converts the above-mentioned gas into 
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the gas which uses hydrogen and a carbon dioxide as a principal component in the 3rd reaction 
field 13 of a reactor 10 by the temperature of 450-1000 degrees C, and pressure 7-35MPa. An 
oxidizer is added to the 2nd reaction field 12. Gas, oil, While filling up heat required for the 
above-mentioned 1st, 2nd, and 3rd reaction field by burning a part of residue, they are the 
manufacture approaches, such as hydrogen gas characterized by the 3rd reaction field being 
cooled by the heat exchange and endothermic reaction to the 1st reaction field. Since subcritical 
[ high-pressure ] or the water of a supercritical condition has high fluid density, it contacts 
efficiently to the carbon particle of the carbon resource which exists in the system of reaction, 
and the active species of a reaction process. Therefore, the hydrogen gas of a high grade and 
the carbon dioxide of a high grade are efficiently manufactured by setting up the generation 
condition of hydrogen gas and a carbon dioxide the optimal, heat required for advance of the 
reaction of the 1st and 2nd reaction field boils a part of gas, oil, and residue with the heat of 
combustion when burning with an oxidizer, and is filled up. Moreover, the heat of the 3rd reaction 
field is consumed by the temperature up of the 1st reaction field, and since the reaction of the 
3rd reaction field is endothermic reaction, the temperature of the 3rd reaction field falls from the 
temperature of the 2nd reaction field. 

[0006] Invention concerning claim 2 is invention concerning claim 1, and is the manufacture 
approaches, such as hydrogen gas which adds an additive in at least one field among the 1st 
reaction field 1 1 of a reactor 10, the 2nd reaction field 12, or the 3rd reaction field 13. If the 
additive which consists of the oxide of alkali metal or alkaline earth metal, a hydroxide, a 
carbonate, etc. is added, the water gas-ized reaction of the above-mentioned formula (2) and 
the water gas shift reaction of the above-mentioned formula (3) will be performed more 
efficiently, and more gas which uses hydrogen gas and the choke damp as a principal component 
will be generated. 

[0007] Invention concerning claim 3 is invention concerning claim 1, and is the manufacture 
approaches, such as hydrogen gas which collects carbon dioxides in the state of the liquid of a 
high grade, by setting to the temperature of -20-31 degrees C t and pressure 2-35MPa the gas 
which uses as a principal component the hydrogen and the carbon dioxide which were converted 
in the 3rd reaction field 13. By operating temperature and a pressure for the gas which uses as a 
principal component the hydrogen and the carbon dioxide which were converted in the 3rd 
reaction field 13, phase separation of hydrogen and the carbon dioxide is carried out. While 
leading to warming prevention of earth environment by collecting carbon dioxides in the state of 
a liquid, without emitting into atmospheric air, the recycle to a chemistry raw material etc. is 
attained. 

[0008] The 1st reaction field 1 1 where both ends were established in the inner circumference 
section of the reactor 10 of the shape of tubing by which the closure was carried out as 
invention concerning claim 4 was shown in drawing 1 , The 2nd reaction field 12 established in 
the core of a reactor 10, and the 3rd reaction field 13 established in the core of a reactor 10 
following the 2nd reaction field 12, Each pressure of the 1st, 2nd, and 3rd fields of the above is 
maintained to 7-35MPa. The temperature of the above-mentioned 1st, 2nd, and 3rd reaction 
field, respectively 300-650 degrees C, It has means 22, 27, 32, 25, 28, 33, and 16 to maintain at 
650-1200 degrees C and 450-1000 degrees C. The feed hoppers 14a, 14b, and 14c of the carbon 
resource which leads to the 1st reaction field 1 1, and water are prepared for either or the both 
sides of the end of a reactor 10, or the other end. It is divided with the heat-resistant dashboard 
16 with which the 1st reaction field 1 1 and the 2nd reaction field 12 consist of a tubed thermal 
conductor. It has the free passage section 1 7 which opens the 1 st reaction field 1 1 and the 2nd 
reaction field 12 for free passage to the other end side of the reactor 10 of a dashboard 16. 
They are manufacturing installations, such as hydrogen gas characterized by having formed the 
delivery pipe 18 which supplies an oxidizer in the 2nd reaction field 12 at the other end of a 
reactor 10, and forming the exhaust port 19 of the gas which uses hydrogen and a carbon dioxide 
as a principal component at the end of a reactor 10. 

[0009] The water gas shift reaction of CO gas by endothermic reaction is made to perform in the 
reaction field 13 at the same time it adds an oxidizer, it makes the 2nd reaction field 12 into an 
elevated temperature and it makes a request react. The raw material of the 1st reaction field to 
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which the heat of the surplus produced in the reaction field 13 is supplied from the outside 
through a dashboard 16 etc. is made to absorb, and, thereby, the pyrolysis and hydrolysis 
reaction of a raw material are made to perform. Therefore, if combustion takes place in the 2nd 
reaction field 12, this heat serves as a heat source of the 1st reaction field 1 1, and supply of the 
heat energy from the reactor outside can be reduced. Moreover, in order that the low- 
temperature 1st reaction field 1 1 may surround the hot 2nd and 3rd reaction fields 12 and 13 
through a dashboard, the thermal load of the peripheral wall of a reactor 10 is mitigated, and the 
range which selects the peripheral wall ingredient of a reactor is expanded. In this specification, 
"the supercritical condition of water" or "supercritical water" means the condition of the water 
which is in the pressure of 22 or more MPas at the temperature of 374 degrees C or more. 
[0010] 

[Embodiment of the Invention] The natural resource containing carbon, such as heavy oil (a 
crude oil, fuel oil A, B fuel oil, C fuel oil, atmospheric-distillation residue, vacuum distillation 
residue, bitumen, etc.), super-heavy oil, coal (grass peat, brown coal, subbituminous coal, 
bituminous coal, etc.), petroleum coke, coal corks, a pyrolysis char, plastics, rubber, natural gas, 
petroleum gas, and methane hydrate, scrap wood, trash, etc. are mentioned to the carbon 
resource used as a raw material by this invention. Although oil is not generated about gas, such 
as natural gas, manufacture of the hydrogen gas by the same processing as other solid-states 
thru/or a liquid-like carbon resource is possible. Moreover, oxygen, air, or a hydrogen peroxide is 
mentioned to the oxidizer of this invention. Furthermore, the oxide of alkaline earth metal, such 
as an oxide of alkali metal, such as a potassium and sodium, a hydroxide, a carbonate, etc. and 
magnesium, calcium, a hydroxide, a carbonate, etc. are mentioned to the additive of this 
invention. 

[001 1] In this invention, as shown in drawing 1 , a raw material is processed in the single reactor 
10 which has three reaction fields 11, 12, and 13 where it is pressure 7-35MPa, respectively, and 
temperature differs. This reactor 10 is formed in the shape of [ to which the closure of the both 
ends was carried out ] tubing. The 1st reaction field 1 1 is established for heater 10a for 
incubation in the inner circumference section again at the periphery section of a reactor 10, 
respectively. Moreover, the 2nd reaction field 12 is established in the core of a reactor 10, and 
the 3rd reaction field 13 is established in the core of a reactor 10 following this 2nd reaction 
field 12. Feed hopper 14a of the carbon resource which leads to the 1st reaction field 11, and 
feed hopper 14c of water are prepared in the end of a reactor 10, respectively, and feed hopper 
14b of the carbon resource which leads to the 1st reaction field 11 is prepared in the other end 
of a reactor 10. The 1st reaction field 1 1 and the 2nd reaction field 12 are divided with the 
dashboard 16 of the heat-resistant metal which consists of a tubed thermal conductor, for 
example, the heat-resistant alloy of nickel-Cr, (trade name: MC alloy, MITSUBISHI MATERIALS 
make). A dashboard 16 is stuck to the wall of the end of a reactor 10, opens spacing with the 
wall of the other end of a reactor 10, and is formed. This spacing constitutes the free passage 
section 17 which opens the 1st reaction field 1 1 and the 2nd reaction field 12 for free passage, 
and the fluid which received the pyrolysis etc. flows into the reaction field 12 from this part. This 
dashboard 16 is exposed to an elevated temperature, and since there is a possibility that 
corrosion may become large, a dashboard 16 is constituted exchangeable. Furthermore, the 
delivery pipe 18 of an oxidizer penetrates in the core of the other end of a reactor 1 1, and it is 
extended and prepared to the 2nd reaction field 12 which went into the interior of a dashboard 
slightly from the edge of a dashboard 16. The exhaust port 19 which discharges the fluid which 
becomes the end of a reactor 1 0 from the hydrogen, the carbon dioxide and subcritical water, or 
supercritical water converted in the 3rd reaction field 13 is formed. Although drawing 1 showed 
the reactor 10 which has the single dashboard 16, the number of dashboards may surround the 
2nd and 3rd reaction field with three-fold dashboards 16a, 16b, and 16c, as shown not only in 
this but in dr awin g 3 . Five-fold [ 4-fold / a duplex and / and ] are sufficient as this dashboard. 
The number of envelopment of this dashboard fully lowers the outer wall temperature of a 
reactor 10, and sets up only a number required to fully carry out the pyrolysis of the raw 
material. That is, the number of envelopment of this dashboard is determined from the thermal 
conductivity of a dashboard etc. in the ease of decomposing of the rate of heat recovery, and a 
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raw material. Moreover, although drawing 1 and drawing 3 show the reactor 10 which has the 
exhaust port 19 of the gas which carried out decomposition generation in the upper part, and has 
the delivery pipe 18 of an oxidizer in the lower part, not only this direction but an exhaust port 
may be made as the lower part, and it may make a delivery pipe the upper part, or the 
installation direction of a reactor installs a reactor horizontally, and you may make it arrange an 
exhaust port and a delivery pipe on right-and-left both sides. 

[0012] The liquefied raw material stored in the tank 21 is fed with a pump 22 by the feed 
hoppers 14a and 14b of a carbon resource, and is supplied to them through a preheater 25. A 
heater 24 is formed in the perimeter of a tank 21, and a raw material is heated at 100-200 
degrees C. The water stored in the tank 26 is fed with a pump 27 by feed hopper 14c of water, 
and is heated and supplied to it with a preheater 28 at 200-400 degrees C. Hydrogen peroxide 
solution of 50 - 60% of concentration which is the oxidizer stored in the tank 31 is fed with a 
pump 32 by the delivery pipe 18, and is heated and supplied to it with a preheater 33 at 200-600 
degrees C. It is desirable that the additive which becomes a tank 21 from the oxide of alkali 
metal or alkaline earth metal, a hydroxide, a carbonate, etc. is added. The interior of a reactor 10 
is maintained by 300-1200 degrees C by combustion in heater 10a and the 2nd reaction field 12 
of pumps 22, 27, and 32, preheaters 25, 28, and 33, a dashboard 16, a heater 24, and a reactor 
10. An eliminator 40 is connected to an exhaust port 19, and various gas is separated here. An 
eliminator 40 is constituted from the gestalt of this operation by the 1st eliminator 41 and the 
2nd eliminator 42 which have a vapor-liquid-separation function, respectively. That is, a 
condensator 43, the 1st eliminator 41, and a reducing valve 44 are connected to an exhaust port 
1 9. A condensator 46, the 2nd eliminator 42, and a reducing valve 47 are further connected to 
the 1st eliminator 41. 

[0013] Next, the reaction by such equipment is explained. 

(a) Introduce the carbon resource and water of reaction place ****** in the 1st reaction field 
into the 1st reaction field 1 1 of a reactor 10, and make them react in the state of subcritical [ of 
the temperature of 300-650 degrees C, and the water of pressure 7-35MPa ], or supercritical. 
This reaction is either or the both sides of the pyrolysis of a carbon resource, or hydrolysis, and 
the gas, oil, and residue which were ******(ed) by this decomposition reaction are generated. 
The desirable reaction conditions of the 1st reaction field 11 are 380-500 degrees C, a pressure 
10 - 30MPa extent, when a raw material is subbituminous coal, when a raw material is bituminous 
coal, they are 480-650 degrees C, a pressure 10 - 30MPa extent, and when a raw material is 
heavy oil, they are 400-600 degrees C, a pressure 10 - 30MPa extent. Since these conditions 
change with raw material classes, it is necessary to decide the optimal reaction condition 
according to the class of raw material. Less than 300 degrees C and a pressure have [ the 
temperature of the 1st reaction field 1 1 ] a slow reaction rate in less than 7 MPas, and if the 
temperature of the 1st reaction field 11 exceeds 650 degrees C and a pressure exceeds 35MPa 
(s), a load is applied to a reactor 10 too much, and it is not efficient. 

[0014] In order to give a fluidity on the occasion of the pyrolysis and hydrolysis of a carbon 
resource, when a carbon resource is a solid-state, a carbon resource is mixed with water and 
the 1st reaction field 1 1 is supplied with the gestalt of a slurry. A reaction is promoted by this 
and a caulking phenomenon is controlled. A carbon resource is ******(ed) as a pyrolysis and 
hydrolysis show to the following reaction formula (4) in the 1st reaction field 1 1. 
CxHyOz -> mCx'Hy'Oz'+nCx''Hy''Oz''+ .... (4) 

however — x>x — ' — > — x — " — y>y — ' — > — y — " — z>z — ' — > — z — " — it is 
— m and n — the number of arbitration — it is . The hydrogen generation by cracking and the 
hydrogen generation by the gasification reaction of residue can also be made to perform in the 
1st reaction field 1 1 by changing the temperature of the 1st reaction field to a 600-800-degree 
C elevated-temperature side in addition to making light ****** of the carbon resource of the 
above-mentioned formula (4) perform. 

[0015] (b) The gas, oil, and residue which were generated in the 1st reaction field 1 1 of a 
reaction in the 2nd reaction field and which were ******(ed) flow into the 2nd reaction field 12 
through the free passage section 17. The hydrogen peroxide solution of an oxidizer is supplied to 
the 2nd reaction field 12 with a delivery pipe 18 here. To this oxidizer, the additive which 
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consists of the oxide of alkali metal or alkaline earth metal, a hydroxide, a carbonate, etc. may be 
added. A part of an oxidizer, gas which has flowed, oil, and residue burn, and the 2nd reaction 
field 12 becomes the elevated temperature which is 650-1200 degrees C with heat of 
combustion. This combustion reaction is shown by following formula (5) - (7). 
C +0.5O2 -> CO .... (5) 
C +02 -> C02 .... (6) 
2H+0.5O2 -> H20 .... (7) 

The reaction in the 2nd reaction fields 1 2 other than a combustion reaction is shown by following 

reaction-formula (8) - (13). 

CxHyOz -> C+H20+H2+C02 .... (8) 

CxHyOz+H20 -> C02+H2 .... (9) 

C +H20 -> CO+H2 .... (10) 

CO+H20 -> C02+H2 .... (11) 

C +2H2 -> CH4 .... (12) 

CO+3H20 -> CH4+H20 .... (13) 

The gas, oil, and residue which were ******(ed) by the above-mentioned reaction are ****** 
(ed) and gasified further, and the gas which uses hydrogen, a carbon dioxide, a carbon monoxide, 
and methane as a principal component is generated. The desirable temperature of the 2nd 
reaction field 12 is 700-1100 degrees C, and a desirable pressure is 10-30MPa. 
[0016] (c) Convert the gas which uses as a principal component the hydrogen generated in the 
2nd reaction field 12 of a reaction in the 3rd reaction field, a carbon dioxide, a carbon monoxide, 
and methane into the gas which uses hydrogen and a carbon dioxide as a principal component in 
the 3rd reaction field 13. The temperature of this 3rd reaction field 13 is 450-1000 degrees C, 
and a pressure is 7-35MPa. The desirable temperature of the 3rd reaction field 13 is 550-800 
degrees C, and a desirable pressure is 10-30MPa. The reaction in the 3rd reaction field 13 is 
shown by following reaction-formula (14) - (15). 
[0017] 

CO+H20 -> C02+H2 .... (14) 
CH4+H20 -> CO+3H2 .... (15) 

In this invention, it is making into the key objective to manufacture the gas which uses hydrogen 
and a carbon dioxide as a principal component based on the conversion reaction in the above- 
mentioned 3rd reaction field 13. However, it is also possible to manufacture the gas which was 
rich in carbon monoxide gas or methane in addition to this based on above-mentioned reaction- 
formula (8) - (15) by combining reaction temperature, reaction pressure, an additive, etc. 
suitably. The block diagram when manufacturing hydrogen gas and a liquefaction carbon dioxide 
to drawing 2 (a) is shown. Although the hydrogen and the carbon dioxide which were generated 
serve as subcritical, or supercritical water and a homogeneity phase under elevated-temperature 
high pressure, if a pressure and temperature are lowered, hydrogen gas and a liquefaction carbon 
dioxide are separable according to an individual. The block diagram when manufacturing hydrogen 
gas, carbon monoxide gas, and a liquefaction carbon dioxide to drawing 2 (b) is shown. The block 
diagram when manufacturing hydrogen gas, methane, and a liquefaction carbon dioxide to drawing 
2 (c) is shown. Drawing 2 (a) In - (c), the same sign as drawin g 1 shows the same device as 
drawing 1 . 

[0018] How to separate each of these components from subcritical [ of water ] or a supercritical 
condition is explained. Water will be in subcritical or a supercritical condition by the temperature 
of the reactor 10 interior, and the pressure, and hydrogen, a carbon dioxide, a carbon monoxide, 
and methane will also be in a supercritical condition. Each supercritical point is shown in the next 
table 1 . 
[0019] 
[Table 1] 
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[0020] If it is below the supercritical point of water and the temperature and the pressure 
containing water, a carbon dioxide, hydrogen, a carbon monoxide, and methane of mixed gas are 
carried out beyond the supercritical point of a carbon dioxide, only water will carry out as a liquid 
from a supercritical phase, and a consistency will carry out phase separation as water of about 1 
g/cm3 so that more clearly than the above-mentioned table 1. Next, the pressure and 
temperature of supercritical fluid from which water was separated are controlled, and it carries 
out below at the supercritical point of a carbon dioxide beyond the supercritical point of 
hydrogen and methane. By cooling and decompressing to 5MPa extent at 20 degrees C 
preferably, a carbon dioxide is made to liquefy and phase separation is carried out. Methane, 
hydrogen, and a carbon monoxide are obtained by separating only a liquefaction carbon dioxide 
by the succeedingly same approach as water separation. A desired component is separable by 
the above-mentioned actuation by any approach of of drawing 2 (a), (b), and (c). Since the 
solubility of other gas constituents to a liquefaction carbon dioxide is small, the high liquefaction 
carbon dioxide of purity is obtained. 

[0021] It returns to drawin g 1 and the gas which uses as a principal component the hydrogen and 
the carbon dioxide which were converted in the 3rd reaction field 13 is cooled from the exhaust 
port 19 of a reactor 10 to the temperature below the supercritical point of water with a 
condensator 43. It is made to separate into vapor-liquid within an eliminator 41, and the cooled 
gas extracts only the water of a liquid through a reducing valve 44. Thereby, only water is 
separated as a liquid. The remaining gas is made to divide into a liquid CO 2 and a gas within an 
eliminator 42, after being sent to a condensator 46 and cooled to 20 degrees C here. A gas is 
gas which uses hydrogen gas as a principal component, and the carbon dioxide of a liquid is 
extracted through a reducing valve 47. 
[0022] 

[Example] Next, the example of this invention is explained. 

The sample 1 - the sample 6 were followed in manufacture of the gas which contains hydrogen 
and a carbon dioxide, using as a carbon resource what distilled <example 1> coal dryly at 800 
degrees C among nitrogen-gas-atmosphere mind. In six kinds of samples, the pressure in a 
reactor was set to 25MPa(s), and the hydrogen peroxide of an oxidizer was supplied so that the 
temperature of the 2nd reaction field might become 650 degrees C, 800 degrees C, and 1000 
degrees C. Moreover, since generation of heat of a heating value only by the oxidizer was 
inadequate, the reactor was heated from the outside. By the sample 2, the sample 4, and the 
sample 6, potassium carbonate was used as an additive. The unreacted object was accumulated 
into the reactor and collected these as residue. In the eliminator shown in drawing 1 , the 
product obtained from the exhaust port of a reactor was condensed with the gas condenser 
which is not illustrated, without dissociating, and after it measured capacity with the flowmeter, it 
carried out temporary storage of the generation gas to the container. The gas stored in this 
container was sampled and the component was analyzed. The result is shown in Table 2. As for 
samples 1-6, it turned out that a lot of hydrogen gas and choke damp are obtained by each so 
that more clearly than Table 2. When especially an additive was added, the inclination for 
generation of a carbon monoxide and methane to be controlled was checked. Moreover, the 
same inclination was checked also when temperature of the 2nd reaction field was made into 
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1 200-degree C conditions. 



0023] 
[Table 2] 


K**No 






H 2 


CO 2 


CO 


CH* 


um 


650 , C-25MPa 


63 


34 


0 


3 




650*0 -25MPa-K 3 CO* 


66 


34 


0 


0 


&m 


800t:-25MPa 


52 


37 


3 


9 


K*44 


800 < C-25MPa-K2CO3 


65 


34 


0 


1 




1000t;-25MPa 


51 


26 


8 


15 




1000t:-25MPa-K2CO* 


62 


35 


1 


2 



[0024] The sample 7 - the sample 12 were followed in manufacture of the gas which repeats the 
same approach as an example 1, and contains hydrogen and a carbon dioxide except having used 
<example 2> petroleum bottoms as a carbon resource. The result is shown in Table 3. As for the 
samples 7-12 of this invention, it turned out that a lot of hydrogen gas and choke damp are 
obtained by each so that more clearly than Table 3. When especially an additive was added, the 
inclination for a carbon monoxide to be controlled was checked. Moreover, the same inclination 
was checked also when temperature of the 2nd reaction field was made into 1 200-degree C 
conditions. 



[0025] 
[Table 3] 


tfi*4No 






Ha 


CO 2 


CO 


CH< 


K*47 


650X1- 25MPa 


45 


25 


0 


30 


am 


650*0 -25MPa-K a C0» 


61 


23 


0 


16 




800"C-25MPa 


46 


24 


4 


26 




800'C-25MPa-K 2 COa 


67 


25 


0 


7 




1000*0 -25MPa 


55 


26 


8 


11 ; 


1**412 


1000*0 -25MPa-K«CO» 


66 


30 


1 


3 



[0026] Temperature of the 2nd reaction field of <an example 3> was made into 800 degrees C, 
and the sample 13 - the sample 20 were followed in manufacture of the gas which repeats the 
same approach as an example 1, and contains hydrogen and a carbon dioxide except having 
changed the class of additive. The result is shown in Table 4. As for samples 13-20, it turned out 
that a lot of hydrogen gas and choke damp are obtained by each so that more clearly than Table 
4. When especially an additive was added, the inclination for generation of a carbon monoxide 
and methane to be controlled was checked. Moreover, the generation rate of gas showed the 
inclination for an alkali-metal salt to become larger than an alkaline earth salt. 
[0027] 
[Table 4] 
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0gf8*O 


H* 


CO* 


CO 


CH 4 




800 < C-25MPa 


52 


37 


3 


9 


IS$H4 


800*0 — 25MPa — K*C0 8 


65 


34 


0 


1 




800TC — 25MPa — KOH 


63 


35 


1 


1 




800 — 25MPa — NaaCOs 


65 


35 


1 


1 


Bur17 


8001C — 25MPa — NaQH 


65 


34 


1 


2 


3^*1 1 ft 


5UUO — ZoMra — tatUs 


66 


34 


0 


1 




800t;-25MPa-Ca (OH) 2 


62 


35 


I 


2 


S4f420 


800 < C-25MPa-MgC03 


62 


34 


I 


3 



[0028] The sample 21 - the sample 23 were followed in manufacture of the gas which repeats 
the same approach as an example 1, and contains hydrogen and a carbon dioxide except having 
set the pressure in a <example 4> reactor to 7, 10, and 25MPa, and having made temperature of 
the 2nd reaction field into 800 degrees C. The result is shown in Table 5. In addition, the additive 
is not added about a sample 21 - a sample 23. As for samples 21-23, it turned out that a lot of 
hydrogen gas and choke damp are obtained by each so that more clearly than Table 5. 



0029] 
!Table 5] 




a ae— be m 


XXJ&ft (*«%) 


H* 


CO 2 


CO 


CH< 




800*0 -25MPa 


52 


37 


3 


9 


fS**22 


SOO'C-lOMPa 


54 


35 


4 


7 


K**23 


800*:- 7H?a 


55 


35 


4 


6 



[0030] The sample 24 - the sample 26 were followed in manufacture of the gas which repeats 
the same approach as an example 1, and contains hydrogen and a carbon dioxide except having 
used <example 5> polypropylene as a carbon resource. The result is shown in Table 6. In 
addition, the additive is not added about a sample 24 - a sample 26. As for the samples 24-26 of 
this invention, it turned out that a lot of hydrogen gas and choke damp are obtained by each so 
that more clearly than Table 6. Especially when the temperature of the 2nd reaction field was 
set up low, the carbon monoxide was controlled, and the inclination for many methane to be 
generated was checked. 
[0031] 
[Table 6] 
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Ha 


CO 2 


CO 


CH 4 




oouvJ — ZoMra 


58 


32 


0 


10 




800*0 -25MPa 


59 


32 


2 


7 


St&26 


l000t:-25MPa 


61 


30 


6 


3 



[0032] 

[Effect of the Invention] As stated above, according to this invention, it sets to the 1st reaction 
field of a reactor. The temperature of 300-650 degrees C, The gas ******(ed) by making a 
carbon resource react with subcritical or supercritical water, and decomposing primarily by 
pressure 7-35MPa, By generating oil and residue, making the temperature of 650-1200 degrees 
C, the gas by which ****** was carried out [ above-mentioned ] by pressure 7-35MPa, oil, and 
residue react with subcritical or supercritical water, and ******(ing) and gasifying them further 
in the 2nd reaction field The gas which uses hydrogen, a carbon dioxide, a carbon monoxide, and 
methane as a principal component is generated. In the 3rd reaction field, the above-mentioned 
gas is converted into the gas which uses hydrogen and a carbon dioxide as a principal 
component by the temperature of 450-1000 degrees C, and pressure 7-35MPa. Without requiring 
a complicated process, since the 3rd reaction field was cooled by the heat exchange and 
endothermic reaction to the 1st reaction field while filling up heat required for the above- 
mentioned 1st and 2nd reaction field by adding an oxidizer to the 2nd reaction field and burning a 
part of gas, oil, and residue The hydrogen gas of a high grade can be manufactured. Moreover, 
the liquefaction carbon dioxide of a high grade is recoverable as a by-product with an eliminator 
using the difference in a supercritical point. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of manufacturing installations, such as hydrogen gas of this 
invention. 

[ Drawing 2] The block diagram showing the hydrogen gas of this invention, and manufacture of a 
carbon dioxide and others. 

[Drawing 3] The block diagram of another reactor of this invention. 
[Description of Notations] 

10 Reactor 

1 1 1st Reaction Field 

12 2nd Reaction Field 

1 3 3rd Reaction Field 

14a, 14b Feed hopper of a carbon resource 
14c The feed hopper of water 

16 Dashboard 

17 Free Passage Section 

18 Delivery Pipe of Oxidizer 

1 9 Exhaust Port of Gas 



[Translation done.] 
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[0 0 0 3 ] 
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3tr«c»©K«»«i**si£s 1 0 ©an Goem 1 

HCzgAU M3 0 0-6 5 0 e a JE^7-3 5MP 

a<D7kommmmMffi¥mt£X'm.mz-&z 0 cos 
5R^r*o, co^jBsiBfcjioeft^fcSftyt^. tt 

»a^ME30«*flE3ft*. »lKJ£«Wrtl KDfiF^UC^ 
SBafefrtt, «A«JH»*JffiB»Rr*-StB^. 38 0 
-5 0 0°C, E^l 0-3 OMPafiSrabO, H*4^ 
?l#^r*Sii^, 4 8 0-6 5 0°C, Efc 1 0-3 0 
MP a ^ar^> 0 , JW»3^*Htt©»&, 4 0 0-6 0 
0°C, EAl0-3 0MPagg^^ o Cft6(D^# 

(Djfiffi#3 0 0 "C*« v EW7MP a*j»"C», JSJ£ 

isa^a < , * fcsr i i i <om&& e 5 0 

Sit. SE*3W3 5MPa*HA4i, Sl£a 1 0 CCfiWf 

[0014] mmmm<Dm&M • «b*»iwciblt, « 

Wll«:fl»«. CftCciOKl&WBaSft. 
*>^B**W«I3ft*. 1SJ£««1 1 

rtr^»Sc^ftl*»)»ccJ:D^©5J£a (4) ic^T 
i J )^S»{k3ft-S 0 

+ nC„"H v "(V + (4) 

So 

[0015] (b) m 2 SfB««r ©SJ£ 

KcnaiaK^aas i 7*a-or*2se««i 2«c8ka 
-r So c c rfj{Bw©aM{fc***36J«i&^< ^isk: 

<feO»2Hl£««l 2CCfl»&Sft4. C©»yt«»c«r 



(5) 



* C 
C 



*C<fc«5Sfl2R]£««l 2^65 0-1 2 0 0°CCD^StC 

a*, tommmmiz. (5> - (7) r^sn 

C x H v O r — C + H 2 0 + 
C x H v O t + H 2 0 — CO, 
C + H 2 0 - CO + H 2 
CO + H 2 0 -> CO, + H 
C + 2H 2 — CH« 
CO + 3H 2 0 - CH< 

mmi 2 0(72L14S«7 0 0-1 10 0'CC^O, 
»i£Ll*E*«l 0-30MPat^^ 
[0016] (c) SS3^««r<DKJft 

CO + H 2 0 — CO. + 
CH« + H z O — CO + 

*»wr BJJB»3 SflN l 3 ro«MB6«:»^c* 

fSSJSS; (8) - ( 1 5) cc»^T-*{fclHR#;*x 
^2 (a) «c***rxscx«{b=»ft«**«ja-r 

ra^l^8«*«!lR:^«rr*ci3&sr*4. 02 (b) 
tSi*©^a9^a4^t. H2 (c) «C7jc*Afx, 
^m^ir 0 m2 (a) — (c) fc*jl»r, 01 £|HJ— 

[ooi8] ctibo&aa**0mmm**i*iBam 

[0019] 
[*!■] 
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+ 0. 50 2 — CO (5) 

+ 0 2 -» CO, (6 ) 

2H + 0. 50 2 — H.O (7) 

iWW^m©»2Sj£««l 2(C*JW&Sl£«*<DR 

as=a (8) - ( i 3) r*£n&o 



H 2 + 
+ H 2 



H 2 0 



co 2 



(8) 
(9) 
(10) 
(11) 
(12) 
(13) 



+ 

ISSrr*. c©»3 gi£«« i 3 ojas«4 50^10 

00°a E*tt7^3 5MPar*4. fg3KJS««l 
3 © jf * U lijfiSB 5 5 0-8 0 0 'Cr ft D , 
EA(J10-3 0MPa^^ o »3SJ£fi|«l 3 CCte 

( i 4 ) - ( 1 5 ) r^^n-^o 

[0017] 



H 2 
3H 2 



(1.4) 
(1 5) 



30 





CC) 


JEE# (MPa) 


* 


374 


22.4 




31 


7-5 




-240 


1.3 




-140 


3.5 




- 82.7 


4.7 



40 



50 



I 0 0 2 0 ] :2IWfc«Jfc ?K^> -BMfcSSRRW 

«5^6*>&<fc5«C. *©##®&t?ffi#>€>i£f*<t LT. 

1 g/cm J ©*<!:L-Cf@#8rf *(C* 
3»s»«StifciHBfH*i*©EE*i»lS*IMtPO. -8Mb 

S. »*L/<«2 0'Ct , 5MPafia(C^iP. Mffi-T-S 
2(a). (b) fttf <c) 0l>r*l<D#&C<K ±B 
[0 02 1 ] HltcR-ar. !& 3 raSSKHS 1 3T«*0 



(6) 



am ma 1 9 htiswm 4 3 wt©sr * 

«(*B?&*PS4 etc^ien. cc-c2 o-c£-c#*psn 

ffciSiaiW««II*F4 7 SjlLTS* tBSia^,. 
[0022] 

<**W 1 >5K«rS3RSH»* 8 0 0 'CT^aS L>tci> 

*©Sii£f*f4 1 ~K*46 (cot^-rtf 6«ffl©i* 
*4Ki3^t, JSl&Hrt©EE^i ; &2 5MPaiU S2S 
rt-MJU(©SS* 3 6 5 0'C, 8 0 0 'CRO' 1 OOO'Cifi 
■5 J: 9Kttfl^©jMWfc*JR*«*&0fc. £fci£{bSiJ©* 
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lx*s*)> cn*3aaiLr@iRi>fc: sisn©gfujp 

fetteisfctt. ^tfx*^K-B»Wttl/fc. C©« 
gccff^enfc^x-fe-y-v^y >yir^*»«iL 
te. -€-©*Sm**2{c^-r. *2<fc9 9!6a>ftJ:5«t. 
S*f4 1 ~ 6 «i>-r*ifc£»©7kSR#x i -^b^^'x 

fc. *fc*2Rjfc«Riai©»tt* 1 2 OO'CC^tttlfc 
<b £ OMISSUS 3 n/c. 

[0 02 3] 

[312] 





a. « , 




Ha 


CO a 


CO 


CH« 


tt»l 


650'C -25MPa 


63 


34 


0 


3 


14 ft 2 


650'C -25MPa-K 3 C0, 


66 


34 


0 


0 


tt»3 


800X:-25MPa 


52 


37 


3 


9 


K»4 


800t:-25MPa-K2COB 


65 


34 


0 


1 


8*#5 


1000t:-25MPa 


51 


26 


8 


15 


1^6 


1000 < C-25MPa-KaCOi 


62 


35 


1 


2 



[0024] <«swi2 >&mmnm*$k.mnmt l 3o*#j&mfci#£K«-m{fci^#»fM3ftSMfa>W52 

^Xtfitc. *<DfeZk*i&3K.m1r. a3ct<3Bje>*>^ [0 02 5] 

cfc^Cc, *^?|©«!t47~l 2tt^m*>^jt©*3R^ [^3] 









Hi 


COa 


CO 


CH< 


K»7 


650t:-25MPa 


45 


25 


0 


30 


M*48 


650t:~25MPa-KaCOa 


61 


23 


0 


16 




800 , C-25MPa 


46 


24 


4 


26 


Eittio 


800X3 -25MPa-KaCOa 


67 


25 


0 


7 




IO0O'C-25MPa 


55 


26 


8 


11 


«*H2 


l000t:-25MPa-K 8 COs 


66 


30 


1 


3 



[0026] <$mm3 >m2%&mm<Dui3iZ8 o o 50 -ct u mmmommt^itsatci^mmmm 1 ii^i 



(7) 



11 



4CC^ 0 ^4<fcOB^6^^ct^^, I*f4l 3-2 OW: 

n &w<D7mjj* t rmit$m#x &n ft & c 
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[0 0 2 7 ] 
[fS4] 









Ba 


CO* 


CO 


CH« 


8**413 


soor-^SMPa 


52 


37 


3 


9 


&W14 


800t;-25MPa-K2C0 8 


65 


34 


0 


1 . 


1**415 


800t:-25MPa-KOH 


63 


35 


1 


1 


S*#16 


800"C-25MPa-Na*CO» 


65 


35 


1 


1 


mnu 


80013 -25MPa-NaOH 


65 


34 


1 


2 


urn* 


80013 -25MPa-CaC0, 


66 


34 


0 


1 


8**419 


800*0 -25MPa-Ca (OH)* 


62 


35 


1 


2 


l^^20 


800t:-25MPa-MgCO, 


62 


34 


1 


3 



[0 02 8] <Hii4>S«^E^^7, 10, 
2 5MPa<tU W2 JxfomMom&Z 8 0 0 "Ct Ltc 

-otc 0 ^0*S*^5^-T 0 I*f42 1-1*142* 



J:^^c, 1*142 1-2 3m^ftbg>m<D7mtfzt^ 

[0 0 2 9 ] 
[f£5] 









Ha 


C0> 


CO 


CH< 


1**421 


800t:-25MPa 


52 


37 


3 


9 


1**422 


800*0 -lOMPa 


54 


35 


4 


7 


8**423 


800*C- 7MPa 


55 


35 


4 


6 



[0030] <^ist?d5>d< , ;7'cifu>* 

Ra*-^t^£#t?#XCDim£t#f42 4-1*^2 6 

4-sm2 6<<c-?^ximi}aftizfiaz.x^rj;^ a m.6J: [003 1 ] 



13 



(8) 
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Hi 


COa 


CO 


CH< 




650*C-25MPa 


58 


32 


0 


10 


tt**25 


800*C-25MPa 


59 


32 


2 


7 




10O0t:-25MPa 


61 


30 


6 


3 



[003 2 ] 10* 
Itvg©^ 1 St&^tcfc^-rSS 3 0 0-6 50 -c. IE 

2>7~35MPa -cmmmmz shot *ti » bummc 4 

tt»acffiKt**BEL. »2Sl£««K:*jC»'CiflK6 5 
0-1200 °C. EA7-35MPa TLhiESSMbSft 

j&u ®3jg£;M^cfc^raS4 5 o~ i o o o°c, 20 

E*7~35MPa T?±iB#* %*SRRU f r.K{tKsR* 
JJBIB 1 SO'm 2 JSJC^{C!^*ia*iS5*5-r 

cc^35E^hsa5^ 1 mtmm^<DmismR^m.fm.!t- 
•5 . * fcjffisii? &©&ji* mm l r^ngtc «t 0 sums * 



So 

tjVT^p s. s»0 o 

[0 3] 3p:^©giJ©Stt«©«fi£S. 
[*Hf©5»9» 

1 0 sstm 

11 mi Gas«m 

12 m2m&mm 

13 *3SlSffll^ 

14 a, 14b 
1 4 c *©«!&□ 
1 6 ftfcj« 
1 7 jiiiBB 

18 ^tS>l©«^W^ 
1 9 #*©SJffiP 



[01 ] 




I 0 EiSS 

II JSiEJ&fH* 

12 »2£0S«« 

13 S5 3KJSSUS 

14 a. 14b R*B»0«»Q 

14c *ro«»n 

1 6 mis 

1 7 giSffi 

is S»ft*3o«a&^-f 3" 
1 9 tfz.<z>#ma 

4 0 



(9) 



^2 0 0 0-2 39 67 2 



[02] 



(a) 



(b) 



<c) 



10 



^1 



V£o) 



40 



13] 




